In this study, the relationship between obesity and economic growth has been examined within the framework of the obesity Kuznets curve (OKC) for the top 20 obese countries from 1991 to 2016 using bounds test based on ARDL. Multiple models were used in the study, including unemployment variable instead of single model. The bounds test results show that there is a cointegration between the variables in all countries except Bahamas, Fiji, Mexico, New Zealand, Tunisia, and UK. The long-run coefficients show that OKC hypothesis is valid for Oman, Saudi Arabia, Turkey and the United Arab Emirates. The main finding of this study is that countries should improve the welfare of individuals to encourage healthy lifestyles and reduce obesity risks.
Introduction
The Kuznets curve was introduced by Simon Kuznets in 1955 [8] in a study on economic growth and income inequality. In its early years, the Kuznets curve was used to describe growing economic inequality in developing economies. In the following years, it was used to measure pollution levels in developing countries. This curve, later named the environmental Kuznets curve, has become a frequently discussed topic in the literature with the studies of Grossman and Krueger [7] . The environmental Kuznets curve assumes that countries cause more environmental pollution in the first phase of their development, but after a certain point of development, the pollution level decreases.
Grecu and Rotthoff [6] added a human health to the Kuznets equation as a variable. According to the authors, the variable is represented by obesity. In general, obesity can be defined as an excessive increase in the ratio of the body's fat mass to its fat-free mass. In recent years, obesity has been seen as the main cause of the most important health problems threatening people's health. For example, studies have shown that obesity leads to diabetes and heart disease [16] . According to the World Health Organization (WHO), obesity is measured by body mass index (BMI). People with a BMI of 30 or higher are considered obese. Persons with a BMI of 25 or greater are considered to be overweight. Studies have confirmed that obesity has increased globally, particularly in urban and low-and middle-income countries. The following are some basic statistics on being overweight and obese in 2016 (WHO, 2018): (a) Obesity has increased almost threefold worldwide since 1975. (b) More than 1.9 billion adults over 18 years of age are overweight and, of these, more than 650 million are obese. (c) Thirty-nine percent of adults aged 18 and over are overweight and 13% are obese. (d) Forty-one million children under 5 years of age are either overweight or obese. Considering that obesity is a preventable disease, it is clear that it is a subject that needs attention. Table 1 shows information regarding the 20 countries with the highest obesity rates. Among these countries, the United States has the highest obesity rate; the lowest obesity rate is in Morocco. However, Australia has Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1019 8-019-01099 -2) contains supplementary material, which is available to authorized users. the highest gross domestic product (GDP), while Egypt has the lowest.
Grecu and Rotthoff [6] examined the relationship between obesity and economic growth using a variable based on personal income. Accordingly, an increase in income level causes people to eat or obtain more nutrients than they need. However, after reaching a certain income level, individuals' personal consumption decreases along with a healthier nutrition awareness. This is called the obesity Kuznets curve [6] and it is shown in Fig. 1 .
The relationship between economic growth and obesity is examined in the literature through different transmission channels [11] . The impact of economic growth on obesity can be explained by technological development, which changes food prices and the structure of the economy. With the increase in technology, more diverse foods are more easily accessible. This can be seen as a cause of obesity, because it facilitates easier and more excessive consumption. Another explanation is that as individuals become financially stronger, they are able to consume more food. In this case, food consumption increases until the income reaches a turning point. This increase in food consumption triggers an increase in obesity. Commercial liberalization, to which economic growth is closely related, is another explanation. With commercial liberalization, trade barriers are eliminated, allowing for fast-food enterprises to expand into developing countries. The increased presence of fast-food enterprises has negatively affected individuals' consumption habits, leading them to consume excessive amounts of food. Many of these explanations examine the impact of economic growth on obesity. However, there are some explanations that examine the effect of obesity on economic growth. The most important one is labor productivity. Due to the increase in obesity, health problems arise in individuals. Individuals' health problems decrease labor productivity, having a negative impact on economic growth. Moreover, increased obesity causes more people to become unemployed. The increase in unemployment rates will affect economic growth negatively.
In this study, we investigated the relationship between economic growth and obesity using data for the period 1991-2016 from the 20 countries where obesity was the most common. This study makes three contributions the literature. First, this study is the first to use its method and test OKC hypothesis for these countries. According to the best knowledge of the authors, there is no study in the literature using this method or hypothesis. Second, multiple models were used in the study, including unemployment variable instead of single model. Last, we examined the countries analyzed individually, obtained country-specific results, and made policy recommendations.
The paper is organized as follows: the next section introduces the literature review and followed by this section the data, model, and methodology will be described and then the empirical results will be presented. The last section offers conclusions and policy recommendations.
Literature review
There are few studies examining the relationship between economic growth and obesity. Bua et al. [1] , Egger et al. [4] , Goryakin and Suhrcke [5] , Neuman et al. [13] , Lawson et al. [9] , Pisa and Pisa [16] , Minos et al. [11] , and Seydel et al. [17] examined the relationship between economic growth and obesity. The results obtained by the researchers varied according to the population and the method used.
Bua et al. [1] examined the relationship between childhood overweight and obesity and economic growth using data from 165,389 boys and 163,609 girls born between 1930 and 1983. The obesity and economic growth variables are BMI and gross national product. In this study, the main question was whether obesity could be caused by economic growth. The results confirmed that economic growth is not a factor that may cause obesity in the group examined. Goryakin and Suhrcke [5] examined the relationship between economic development, technological change, socioeconomic status, and overweight risk. To study the relationship, the authors used data on 878,000 women between the ages of 15 and 49 from 56 different countries. According to the results, the per capita GDP has a strong relationship with overweight in the Middle East. Moreover, the researchers found that economic development in the Middle East can trigger overweight gain much faster than in the rest of the world. Neuman et al. [13] examined the relationship between BMI and economic development for 38 countries in the period 1991-2010. To study the relationship, the authors used multiple models and included national economic indicators such as GDP, foreign direct investment, and mean tariffs. According to the results, a positive but insignificant relationship was found between GDP and BMI. Moreover, there was an insignificant relationship between commercial openness and BMI. However, there was a significant relationship between foreign direct investment and BMI. Finally, a significant and negative relationship was found between mean tariffs and BMI. Pisa and Pisa [16] examined the relationship between economic growth and obesity among South African adults for the period 1994-2014. The authors used a time pilot analysis in their study. The results showed that women have higher obesity levels than men at all times. The results also showed that per capita GDP is directly proportional to obesity in both genders. Lawson et al. [9] investigated the relationship between economic freedom, BMI, and income level. The researchers investigated this relationship using the unbalanced pooled cross-section data compilation method for 135 countries for the year 1995 and the period 2000-2009. The empirical analysis of the study was performed with the help of pooled ordinary least squares (POLS) and fixed-effects models. The results showed that economic freedom in developing countries leads to higher rates of obesity in men. According to the results, restricted freedom policies created to reduce obesity can decrease life expectancy. Miljkovic et al. [10] examined the relationship between the number of overweight people and various economic and social variables for 26 Brazilian cities in 1988-1989, 2002, and 2008. In the study, the authors estimated a balanced fixed-effects panel model. While the model's dependent variable is the number of overweight people, the independent variables are trade, per capita income, and labor force. The results showed that an increase in trade deficit led to an increase in obesity rates.
Data, model and methodology

Data
In this study, we used data from the period 1991-2016 from the 20 countries with the highest rate of obesity. We used the following data sources: the per capita GDP (Y), measured in constant 2010 US dollars; the per capita GDP square (Y 2 ); obesity (OBS), measured as share of adults; and the unemployment rate (UNM), measured as percent of the total labor force. Obesity data were obtained from the World Health Organization's Global Health Observatory (GHO) database. GDP and UNM data were obtained from the World Bank database. The data are presented in logarithmic scale.
Model
In this study, we studied the relationship between obesity and economic growth with the help of the obesity Kuznets curve (OKC), proposed by Grecu and Rotthoff [6] . According to this model, obesity is explained with the help of economic growth (Y), Y 2 , and unemployment (UNM). In this case, the OKC function is defined as follows:
Equation (1) is transformed into a linear form by taking the logarithm:
where 1i , 2i , and 3i are the coefficients of economic growth, economic growth square, and unemployment, respectively. In Eq. (2). t is the error term. For the OKC hypothesis to be valid, the coefficient of ln Y t has to be positive, while the coefficient of ln Y 2 t has to be negative. This means that economic growth initially increases obesity and decreases it when the turning point is exceeded. The point of economic saturation, or the turning point, is calculated by the following formula [2] :
Methodology
In the first part of the empirical analysis, we tested the stationary levels of variables using augmented Dickey and Fuller [3] and Phillips and Perron [15] unit root tests. In the second part, we estimated optimal autoregressive distributed lag (ARDL) models for each country. Next, we examined the cointegration relationships in the models using the bounds test based on the ARDL models. We estimated the
long-term coefficients of the OKC model using the dynamic ordinary least squares (DOLS) estimator.
The ARDL bounds test, developed by Pesaran et al. [14] , is a cointegration test that can be used in cases where the degree of integration of the series is different. In other words, it is not important whether the variables for this test are I (0) or I (1). In the ARDL bounds test, first, we estimate an unrestricted error correction model (UECM) in the following manner:
The null and alternative hypothesis used for the bounds test can be explained as such where the null hypothesis that there is no cointegration ( H 0 ) between variables is tested against the alternative hypothesis ( H 1 ) that there is cointegration between variables. We obtained the lower I(0) and the upper I (1) , critical values to be used for the decision, from Narayan [12] . If the calculated F statistic is greater than the upper I(1) critical value, there is a cointegration between the variables, rejecting the null hypothesis.
Empirical results
To determine the effects of economic growth and unemployment on obesity, we first examined the stationary levels of variables using ADF and PP unit root tests. Table 2 shows the results of the ADF unit root test of the variables.
According to the ADF unit root test results, lny, lnobs, and lnunm variables are stationary at level for different significance levels. However, lny 2 has a unit root at level. To obtain comparable results, the stationary levels of the variables were also examined with the help of the PP unit root test. Table 3 shows the results of that test.
PP unit root test results are similar to the ADF results. Overall, the unit root tests show that some of the variables are I(0) and others are I(1). 1 In this case, we decided that the appropriate strategy was to test using the bounds test approach based on the ARDL model. Accordingly, we
estimated ARDL models for each country. Table 4 shows the estimated ARDL models and the bounds test results for each country.
The bounds test results show that there is a cointegration between the variables in all countries except Bahamas, Fiji, Mexico, New Zealand, Tunisia, and the United Kingdom. This result shows that obesity and independent variables, particularly ln y, ln y 2 , and lnunm, move together in the long run. Before estimating the coefficients of long-run relationships, the results of diagnostic tests of ARDL models should be examined. The results are shown in Table 6 , located in the Appendix. The R 2 of the ARDL models estimated for each country are quite high, and the F statistic values are significant. The results of the Jarque-Bera normality test show that the residuals have a normal distribution. Moreover, the Breusch-Godfrey LM test shows that residuals are not serially correlated. ARCH and White heteroscedasticity tests provide evidence that the models do not have the heteroscedasticity problem. Moreover, the Ramsey RESET test shows that there is no specification problem for the models. 2 Finally, we investigated the stability of the parameters of the ARDL model using the cumulative sum of recursive residuals (CUSUM) and the cumulative sum of squares recursive residuals (CUSUMSQ) tests. The results showed that the parameters of the ARDL models are stable. 3 These results can be shown as evidence that ARDL models can be trusted. Table 5 shows the long-run coefficients of the countries with which the cointegration relationship is determined.
The long-run coefficients show that the OKC hypothesis is valid for Oman, Saudi Arabia, Turkey, and the United Arab Emirates. Accordingly, the economic growth in these countries will increase personal income, causing people to be able to afford more food (thus increasing their caloric intake, and thus weight). But after reaching a turning point of income, people will have a desire to eat healthier, decreasing their caloric intake (and thus decreasing their weight as they increase their health levels). For Oman, Saudi Arabia, Turkey and United Arab Emirates, where the OKC hypothesis is valid, the turning points are calculated as $19,180, $21,909, $14,567, and $43,250, respectively. The maximum values of the per capita GDP in these countries were $19,408 (in 2009), $21,507 (in 2015), $14,117 (in 2016), and $64,386 (in 1991), respectively. 4 The results
show that the per capita GDP in Oman and United Arab Emirates is upper than the calculated turning points. Accordingly, Oman and United Arab Emirates are at the decreasing point of the curve. In other words, increases in GDP per capita in these countries reduce obesity rates. On the other hand, the per capita GDP in Saudi Arabia and Turkey is lower than the calculated turning points. Therefore, obesity rates might start to decrease with the increase in per capita GDP in coming years in Saudi Arabia and Turkey. Also, an overview of the OKC hypothesis results is displayed in Fig. 3 , located in the Appendix. Moreover, we investigated the effect of unemployment rates on obesity. Unemployment rates have a significant and negative impact on obesity in Oman and Saudi Arabia while significant and positive in Turkey and the United Arab Emirates. In other words, the increase in unemployment rates decreases obesity in Oman and Saudi Arabia. However, for Turkey and the United Arab Emirates, the increase in unemployment rates increases obesity.
Conclusions and policy implications
In this study, we examined the relationship between economic growth and obesity in the 20 countries with the highest rate of obesity using data from the period 1991-2016. In the study, we obtained a multiple model by adding the unemployment variable to the OKC equation. In the first part of the empirical analysis, we examined the stationary degrees of the series. In the second part, we estimated ARDL models to be used for the cointegration test and performed diagnostic tests of these models. Finally, we estimated the coefficients of the long-run relationship between obesity and the independent variables. The results showed that the OKC hypothesis is valid for Oman, Saudi Arabia, Turkey, and the United Arab Emirates. We then calculated the turning points of the OKC curve for each country. The turning points of the OKC curve were found to be below the per capita GDP in Oman and United Arab Emirates. Accordingly, increases in GDP per capita in these countries reduce obesity rates. On the other hand, the turning points of the OKC curve were found to be above the per capita GDP in Saudi Arabia and Turkey. This situation supports the conclusion that the countries where the OKC hypothesis is valid have not yet reached their turning points. As a result, the obesity rates in these countries will increase as their economies continue to grow, but the obesity rates will decline once the turning point is reached and exceeded. According to Pisa and Pisa [16] , economic growth in South Africa had a positive effect on obesity. However, the increase in economic growth in this study had a negative effect on obesity rates. This may be due to the data and method used. Moreover, the driving force in South Africa's economic growth may be consumption. If more nutrients are consumed, it may cause obesity and the coefficient can be positive. In this study, the coefficient is found to be negative because economic growth is caused by something other than consumption.
The results of this study may guide policymakers. For example, considering that obesity can be caused by a relative increases in wages, wage equality can be a good social policy to implement. In this way, wages will be distributed equally in every part of society, thereby diminishing the effect of wages on obesity. Individuals will get as many nutrients as they need while avoiding the risk of obesity. Another policy proposal may be providing agricultural support. Effectively implemented agricultural policies will lead to the cultivation of organic and healthier produce. Because there are healthier food options, individuals will eat better, thereby decreasing obesity rates significantly. Public health expenditures can have an impact on obesity. Increasing the government's investment in health programs will facilitate the health services of individuals. Public policies are effective tools for improving individuals' lives and health. For example, policies to increase the number of healthy life and sports complexes will support healthy lifestyle.
The study results indicate that excessive consumption may trigger economic growth while increasing the obesity rates. Accordingly, any policy that prevents excessive consumption will help reduce obesity. The main finding of this study is that countries should improve the welfare of individuals to encourage healthy lifestyles and reduce obesity risks. To the author's best knowledge, the study is a priori in the literature and it is expected that the study will guide the policy makers for countries with high obesity rates. In addition, future studies can expand the OKC model by adding health expenditures. This addition will provide scholars a way to examine the effects of health expenditures on obesity, generating results that can guide policymakers.
Appendix
See Table 6 and Figs. 2, 3. 
